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COMPLETE SPECIFICATION 
Improvements in or relating to impellers, especially for ventilators. 



We, Woods of Colchester Limited, of 
Braiswick Works, Colchester, Essex, a 
British Company, do hereby declare the 
invention, for which we pray that a patent 
5 may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement: — 

This invention relates to impellers for 

10 producing movement of a gaseous fluid, for 
example air, and also to apparatus incor- 
porating such impellers, for example venti- 
lators, that is to say ventilators of the kind 
in which the impeller, usually electrically- 

15 driven, is mounted in an opening in the roof 
or wall of a building for expelling air or 
fumes from the building. 

An object of the invention is to provide 
a form of impeller which is especially suitr 

20 able for use in ventilating apparatus of this 
kind. 

According to the invention an impeller 
for producing movement of a gaseous fluid 
comprises an annular shroud at the inlet 

25 end, the outlet end of which shroud is radi- 
ally outwardly flared, a dished back-plate 
coaxial with the shroud and having its base 
directed towards but spaced from the 
shroud, and a plurality of impeller blades, 

30 extending in a generally axial and radially 
outwards direction between the back-plate 
and the shroud, and having their radially 
inner and outer edges contacting the outer 
surface of the back-plate and inner surface 

35 of the shroud over a substantial part of the 
axial depth of the back-plate and shroud 
respectively, with the blade surfaces so 
arranged as to provide an appreciable dyna- 
mic pressure rise due to the flow across the 

40 blades, after the fashion of an axial flow 
fan, in addition to an appreciable dynamic 
pressure rise resulting from radial flow, 
each blade being formed with a backward 
camber, having the trailing edge portion 

45 curved backwards to a relatively small dis- 
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charge angle adjacent the back-plate, which 
curvature decreases towards the shroud to 
provide a relatively larger discharge angle 
in the vicinity of the shroud, and the cam- 
ber inlet angle of the blades being such as 50 
to provide, over a range of incidence angles 
between the leading edge portions of the 
blades and the direction of flow of the fluid, 
a substantially smooth flow of said fluid 
over the blade surfaces throughout the nor- 55 
mal operating range of fan from maximum 
to minimum fluid flow. 

In the region of maximum curvature of 
the blades the discharge angle preferably 
lies between 0 and 20°, whilst at the shroud 60 
the discharge angle is preferably at least 
60°. 

We have found that the more nearly 
radial discharge angle of the blades at the 
shroud induces the gaseous fluid to flow 65 
without any significant degree of separation 
around the fifed surface of the shroud which 
contributes to a high volume flow at low ex- 
ternal pressures, giving an almost straight 
pressure/volume characteristic which ex- 70 
hibks little or no "stall" or depressions, such 
as are associated with flow separation and 
increased noise with many known types of 
impellers. 

By suitably shaping the blades to give an 75 
appropriate relationship between the dyna- 
mic pressure rise produced as a result of the 
axial flow and that due to radial flow 
throughout the range of operation of the 
impeller, a gradually falling horse-power/ 80 
volume characteristic is obtained over sub- 
stantially the whole operating range which 
ensures that the rated horse power is uti- 
lised at all pressures/ 

By camber inlet angle is meant the angle 85 
formed at the leading edge of the impeller 
blade between a plane normal to the im- 
peller axis and the camber line within the 
blade and lying along the intersection of the 
blade with an imaginary cylinder coaxial 90 
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with the impeller. The camber inlet angle 
is preferably of the order of 30°, this giving 
a satisfactory range of incidence angles for 
ensuring a substantially smooth flow over 
5 the blade surfaces throughout the range of 
operation of the impeller, from maximum 
to minimum air flow. 

One or more slots may be provided, if 
required, in the part of each impeller blade 

10 adjoining the conjunction of the blade and 
the outwardly flared surface of the impeller 
shroud for reducing the horse power ab- 
sorbed by the impeller as the flow of 
gaseous fluid approaches zero by permitting 

15 some of the boundary layer air on the pres- 
sure surface of the blade adjacent the blade/ 
shroud conjunction to leak through to the 
suction side of the blade and thereby im- 
prove the aerodynamic stability of the rear- 

20 ward portion of the impeller blade adjacent 
the shroud.. 

The inlet side of the impeller shroud 
preferably extends beyond the impeller 
blades in an axial direction and is also 

25 flared outwards. This has the advantage that 
the gaseous fluid is prevented from being 
drawn radially inwards in the immediate 
vacinity of the blades and adversely affect- 
ing the smooth flow over the shroud and 

30 blade surfaces, as could occur for example 
in cases where a separate stationary flared 
shroud is employed at the impeller inlet, 
due to leakage of gas through the gap be- 
tween the stationary and rotating shrouds, 

35 especially as the pressure across the impeller 
increases and the volume of gas passing 
through the impeller is reduced. 

An impeller in accordance with the in- 
vention may be used with advantage in a 

40 ventilator designed to be mounted in an 
opening of a roof or wall for expelling air 
or fumes from a building. The ventilator 
may, for example, be constructed in such a 
way -that the air or fumes driven from the 

45 opening in the roof or wall by the impeller 
are subsequently deflected and discharged 
backwards towards the roof or wall by a 
protective cowl or skirt which overhangs 
the opening on the exit side, or possibly the 

50 ventilator may include a shroud surrounding 
the exit side of the opening and and de- 
signed to deflect the air or fumes back into 
the original direction in which it entered 
the impeller. In either case the ventilator 

55 can foe designed with a shallow contour 
leading to an unobtrusive appearance. 

Shutters may also be provided for pre- 
venting a backflow of air through the im- 
peller when the ventilator is not operating, 

60 or is working against high external 
pressures. 

In the case of a ventilator provided ex- 
ternally with a protective cowl or skirt the 
shutter vanes are preferably ^ shaped and 
65 positioned as to assist in providing an effi- 



cient deflection of the air stream beneath 
the edge of the skirt or cowl with the mini- 
mum of eddying. If necessary the shutter 
vanes may be smoothly curved to ensure a 
gradual deflection of the . air flow in the 70 
required direction. 

The shutter system conveniently com- 
prises a plurality of single-vane shutters 
disposed around the ventilator outlet in the 
form of a regular polygon, for example a 75 
square. 

Preferably also the shutter vanes are so 
disposed that when the ventilator is operat- 
ing air passes over both sides of the vanes, 
the vanes then acting as mid-vane shutters 80 
and being held out of contact with any part 
of the surrounding structure, thereby elimi- 
nating noise generated 'by impact of the 
vanes on adjacent parts of the ventilator. 

The skirt or cowl is conveniently formed 85 
of a moulded plastics material, possibly 
with fibrous or metal reinforcements for 
enabling the thickness of the plastics 
material to be reduced whilst still maintain- 
ing a relatively rigid structure. 90 

Preferably also the impeller, and also the 
shutter vanes, where provided, are formed 
of moulded plastics, with fibrous reinforce- 
ment if required, the impeller conveniently 
being fabricated in suitably shaped sections 95 
secured together in any suitable manner. 

The maximum diameter of the back-plate 
of the impeller is conveniently less than the 
minimum internal diameter of the shroud, 
giving the advantage of enabling both com- 10C 
ponents to be compression moulded simul- 
taneously in a common die, in which case 
the impeller Blades will be formed separ- 
ately and subsequently secured to the shroud 
and back-plate to hold them in the required 105 
spaced relationship. 

The invention will be further explained 
by describing, by way of example, with 
reference to Figures 1 to 15 of the accom- 
panying schematic drawings two roof ven- 110 
tilators incorporating an impeller in accord- 
ance with the ^invention, and some modi- 
fications thereof. 

In the drawings Figure 1 represents in 
diagrammatic form a vertical section 115 
through the first ventilator; 

Figures 2 and 3 represent an elevation 
and and an underneath view respectively 
of the impeller employed in the ventilator, 
one of the impeller blades being omitted 120 
from Figure 3; 

Figure 4 and 5 represent plan sections of 
parts of the impeller in the planes repre- 
sented by the lines IV-IV and V-V of 
Figure 2, 125 

Figures 6 and 7 illustrate the form of two 
operating characteristics of the impeller, 

Figure 8 represents part of a slightly 
modified form of impeller, 

Figures 9 and 10 represent a diagram- 130 



matic elevation and plan view of the second 
ventilator, 

Figure 11 represents a further view of 
the second ventilator in diagrammatic form, 
5 Figure 12 illustrates a modified construc- 
tion of ventilator, and 

Figures 13 to 15 represent three further 
modifications. 

Referring first to Figure 1, the ventilator 
10 shown therein is designed to be mounted 
within a circular opening 1 formed at the 
upper end of a duct 28 supported over an 
opening 2 in the roof 3 of a building, and 
incorporates an impeller 4 arranged to be 
15 driven in use of the ventilator by an electric 
motor 5. 

The motor 5 is mounted vertically by 
.means of outwardly extending arms 6 which 
are secured at their outer ends to appro- 

20 priately positioned brackets 7, these brac- 
kets incorporating a resilient mounting 
which mechanically isolates the motor/ 
impeller unit from the remainder of the 
structure the impeller 4 being mounted on 

25 the upwardly projecting shaft "8 of the 
motor. 

The impeller, which is formed of moulded 
plastics material incorporating a fibrous re- 
inforcement, for example glass fibre, com- 
30 prists a shallow annular shroud 9 located 
coaxially within the opening 1 with its 
upper end flared outwards and terminating 
at a slightly smaller diameter than the open- 
ings, a back-plate 10 of dished shape a short 
35 distance above the shroud and having a 
central boss 11 by which the impeller is 
secured to the shaft 8, and five impeller 
blades 12 extending between, and connect- 
ing, the shroud and the back-plate. 
40 A dome-shaped weather cowl 13 is also 
of plastics material and reinforced intern- 
ally by metal bar reinforcement members 
14, which may be partly enclosed within the 
plastics material as shown, and which also 
45 provide means for securing the cowl in posi- 
tion, is supported over the impeller with its 
skirt overhanging the top of .the duct 28, 
so that air and/or fumes discharged from 
the duct by the impeller in use of the venti- 
50 lator are deflected downwards through the 
annular gap between the external surface 
of the duct and the lip of the cowl. The 
cowl is approximately square in plan view 
and four pivotable shutter vanes 15 also 
55 of plastics material are supported within the 
cowl around the impeller for preventing 
backflow of air into the duct when the venti- 
later is inoperative or operating in condi- 
tions of high external pressure. 
60 Referring now more particularly to 
Figures 2 to 5, which illustrate the form of 
impeller employed in the ventilator, the 
impeller blades 12, which have a backward 
camber, extend between the external surface 
65 of the dished side 16 of the back-plate 10 



and the internal surface of the shroud con- 
tacting the respective surfaces over a sub- 
stantial part of the axial depth of the back 
plate and shroud, the blade surfaces being 
inclined .to provide a discharge having 70 
substantial components both axially and 
radially outwardly from the impeller, the 
arrangement ensuring that the rated horse- 
power of the motor is utilised at all pres- 
sures, involving a steadily falling input 75 
power from free air to closed discharge, 
and provides a high rate of flow at low 
pressure without any significant rise in 
power. 

This is also due in part to the cowl 80 
limiting the formation of secondary air flows 
in the region above the back-plate. 

The trailing edge portion of each impeller 
blade is curved backwards to a relatively 
small discharge angle y, for example of 85 
the order of 15°, in the region of the back- 
plate 10 as shown in Figure 4, this curva- 
ture decreasing towards the shroud 9 to 
provide a more nearly radial discharge 
angle f3, for example of the order of 65°, 90 
at the shroud as shown in Figure 5. The 
latter feature ensures that air is induced to 
flow around the flared surface of the shroud 
9 and we have found that by this means 
together with the increasued curvature of 95 
the trailing edge of the blades away from 
the shroud an almost straight pressure/ 
volume characteristic is obtained together 
with a gradually falling horse-power/ 
volume characteristic for example as 100 
shown in Figures 6 and 7. The camber inlet 
angle of the impelled blades is approxi- 
mately 30° and this results in a substan- 
tially * smooth air flow over the blade 
surfaces over substantially the whole oper- 105 
ating range of the impeller, and a quiet 
and efficient operation of the ventilator is 
thereby achieved "at all pressures. 

In some cases improved aerodynamic 
stability of the impeller may be achieved 110 
by providing one or more slots in the 
blades at the conjunction of the blades 
and the flared portion of the impeller 
shroud as shown at 20 in Figure 8, the 
slots providing a reduction in the horse- 115 
power absorbed by the impeller as the air 
flow approaches zero, by permitting some of 
the boundary layer air on the pressure 
surface of the blade adjacent to the blade/ 
shroud junction to leak through to the 120 
suction side of blade. 

By fabricating the cowl, shutter vanes 
and impeller in plastics materials, a venti- 
lator having a high resistance to corrosion 
is obtained. \25 

Referring again to Figure 1 the four 
shutter vanes 15 are of smoothly curved 
shape in vertical planes with integrally 
moulded strengthening ribs along the direc- 
tion of air- flow, and are pivotably supported 130 
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at the top by rods 21 extending through 
end walls 22 projecting downwards from 
the sides of the vanes and held at their 
ends in metal mounting brackets 23, the 
5 vanes being held in the closed position by 
springs 24 assisted by gravity when the 
ventilator is inoperative, whilst being suffi- 
sufficietly light to permit the downward 
deflection of the airstream leaving the 

10 impeller when the ventilator is operating to 
hold the shutters open to an extent depend- 
ing upon the external pressure and the speed 
of Irota'tion of the impeller. When the 
shutters., are open, air from the impeller is 

15 permitted to pass between their upper 
surfaces and the cowl in addition to that 
which passes beneath the shutters, the 
shutters thereby acting as mid-vanes which 
are held out of contact with the adjacent 

20 parts of the ventilator structure by the air- 
flow, therefore eliminating shutter noise 
during operation of the ventilator. 

Although the mounting arrangements 
for the ventilator which have been 

25 illustrated are designed for securing the 
ventilator to a roof curb surrounding the 
opening in the roof, it will be appreciated 
that the invention can also be employed 
with other forms of mounting arrangements 

30 depending upon the particular form of 
roof on which the ventilator is required to 
foe used. 

The second roof ventilator, which is 
illustrated in diagrammatic form in Figures 

35 9 and 10, has an impeller 4 similar to that 
of the ventilator previously described, this 
being similarly mounted for rotation on 
the upwardly projecting shaft of an electric 
motor 5 supported within a circular aper- 

40 ture 25 of a metal plate 26 by outwardly 
extending arms 6 fixed to the plate at then- 
outer ends, with suitable resilient mountings. 
The plate 26 has a downturned rim at its 
periphery shown fitted over a roof curb 27 

45 surrounding an opening 2 in the roof 3 of 
a building. Seated on this plate is a should- 
ered duct 28 of plastics material formed 
with an inwardly-directed flange 29 surroun- 
ding a circular opening 31 at its upper end, 

50 the opening being of slightly greater 
diameter than the impeller shroud 9 and 
the impeller being supported with flared 
upper rim of the shroud just above the 
flange 29 as shown. 

55 A moulded plastics cowl 13, which is 
approximately square in plan view, is 
supported over the impeller and is provided 
with internal projections 32 on which are 
seated bearing members 30 to which four 

60 plastics shutter vanes 33 are pivotably 
mounted. These vanes are disposed around 
the sides of a square, their lower ends being 
biassed towards a rib 34 on the upper sur- 
face of the flange 29 by springs (not shown) 

65 assisted by gravity, and against which the 



vanes rest in the inoperative condition of 
the ventilator. The vanes are in this case 
of planar form similarly provided on the 
rear surface with strengthening ribs 22. 

Wihen the ventilator is in use the impeller 70 
provides a discharge of the same form as 
that produced by the impeller of the ventila- 
tor first described, the air-flow holding the 
shutter vanes open as indicated by the 
broken line 33.1 the vanes assisting in de- 75 
fleeting the air downwards beneath the 
skirt of the cowl as in the previously de- 
scribed ventilator, the air similarly passing 
between the shutters -and the cowl - and - 
thereby preventing impact of the vanes on 80 
the ventilator during operation of the 
ventilator and thus eliminating shutter noise. 

By arranging that the diameter of the 
openings 1, 31 in each of the two ventilators 
above described, is slightly greater than the 85 
maximum diameter of the impeller shroud 
9, servicing is facilitated since the impeller 
and motor unit can be removed from the 
ventilator either from above or from below. 

The cowl of the ventilator illustrated in 90 
Figures 9 and 10 is conveniently pivotably 
mounted on the duct 28 in- order to enable 
it to be swung back when necessary as 
shown in Figure 11, a pair of stays 35 
being provided for holding the cowl in the 95 
raised position and a spring j loaded catch 
36 enabling the cowl to be locked in the 
operative position. The cowl of the venti- 
lator illustrated in Figure 1 could also be 
pivotably mounted if desired. 100 

In a modification of either of the two 
ventilators above described the cowl 13 
is dispensed with and replaced by a square 
top plate 37 having sides of length slightly 
larger than the diameter of the impeller 105 
back plate, and an external weather baffle 
45 as shown in Figure 12, the outlet of the 
ventilator on the four sides of the plate 
being closed in the inoperative condition 
of the ventilator by four shutter vanes 38 HO 
pivoted about horizontal axes near to their 
lower edges and biassed towards the closed 
position by springs (not shown), the shutter 
vanes being of curved section in vertical 
planes and -being arranged to deflect the 115 
outwardly directed airstream upwards in 
operation of the ventilator as indicated by 
the arrow 40. The shutter vanes may again 
be positioned so that when they are opened 
by the air stream in use of the ventilator 120 
some of the air passes beneath the vanes so 
as to hold them in - a mid-vane position 
and thereby eliminate shutter noise as 
previously explained, the broken line 38.1 
indicating the open position of the shutters. 125 
The shutters, in the closed position are so 
arranged as to provide a complete seal 
against rain ingress and backdraught. 

In a further modification the impeller is 
fixed to the common shaft of two electric 130 
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motors 39 as shown in Figure 13. During 
normal operation one of the motors is 
arranged to drive the impeller, the other 
idling and (being arranged for use as a 
5 standby unit in the event of failure of the 
first motor. 

By arranging the motor or motors on the 
input side of the impeller efficient cooling 
of the motor or motors by the air-flow is 
10 readily achieved. 

Alternatively, however, one of two electric 
motors may be located on the dished side 
of the backplate 10, the motor or motors 
•being removed from the normal air-stream 
15 passing through the impeller. This is of 
advantage when the gaseous fluid passing 
through the impeller is contaminated or 
contains corrosive elements. Figure 14 
shows one such motor 41 having the dished 
20 back-plate 10 fixed to the downwardly 
directed motor shaft 42, although the 
impeller may be fixed to the common shaft 
of two motors located above the back- 
plate in a similar manner to the arrange- 
25 ment of Figure 13. However in an alterna- 
tive arrangement utilising two motors, one 
of which is designed to provide a standby 
unit, the motors may be arranged to drive 
the impeller indirectly for example by belts 
30 43 as shown in Figure 15, the motors 44 
being located in any convenient positions 
on two separate axes parallel to the impeller 
axis. Although the belts 43 have been shown 
above the motors 44 it will 'be appreciated 
35 that they could be disposed below the 
motors where this is more convenient. 

It will be appreciated that ventilators 
similar to the cowled ventilators previously 
described or to the above modified forms 
40 can be adapted for mounting in an opening 
in a wall where this is required. 

It will also be appreciated that impellers 
constructed in accordance with the inven- 
tion may also be used to advantage in 
45 units other than ventilators if desired, and 
m some cases such a unit might incor- 
porate more than one impeller to increase 
the air flow. For example one or more such 
impellers may be used to produce a flow 
50 of air through a filter in an air conditioner 
unit. Where more than one impeller is 
employed and the impellers are disposed 
side by side, interference between the air 
flow issuing from adjacent impellers may 
55 be prevented by the use of suitably shaped 
air-deflecting screens located between them. 
For example each of the impellers may be 
mounted in an opening in a generally bell- 
shaped diaphragm having its mouth direc- 
60 ted towards the required direction of air- 
flow, the sides of the diaphragm deflecting 
the radially directed component of air-flow 
in an axial direction and serving to prevent 
"any interference with the output from 
65 adjacent impellers. 



WHAT WE CLAIM IS:— 

1. An impeller for producing movement 
of a gaseous fluid comprising an annular 
shroud at the inlet end, the outlet end of 
which shroud is radially outwardly flared, 70 
a dished back-plate coaxial with the shroud 
and having its base directed towards but 
spaced from the shroud, and a plurality of 
impeller blades, extending in a generally 
axial and radially outwards direction be- 75 
tween the back-plate and the shroud, and 
having .their radially inner and outer edges 
contacting the outer surface of the back- 
plate and inner surface of the shroud over 
a substantial part of the axial depth of 80 
the pack-plate and shroud respectively, 
with the blade surfaces so arranged as to 
provide an appreciable dynamic pressure 
rise due to the flow across the blades, after 
the fashion of an axial flow fan, in addition 85 
to an appreciable dynamic pressure rise 
resulting from radial flow, each blade being 
formed with a backward camber, having 
the trailing edge portion curved backwards 
to a relatively small discharge angle adja- 90 
cent to the back-plate, which curvature de- 
creases towards the shroud to provide a 
relatively larger discharge angle in the 
vicinity of the shroud, and the camber inlet 
angle of the blades being such as to provide, 95 
over a range of incidence angles between 
the leading edge portions of the Wades and 
the direction of flow of the fluid, a sub- 
stantially smooth flow of said fluid over the 
•blade surfaces throughout the normal [00 
operating range of fan from maximum to 
minimum fluid flow. 

2. An impeller according to Claim 1, 
wherein in the region of maximum curva- 
ture of the blades, the discharge angle lies 105 
between 0 and 20°, whilst at the shroud the 
discharge angle is at least 60°. 

3. An impeller according to Claim 1 or 
2, wherein the camber inlet angle of the 
impeller blades is of the order of 30°. no 

4. An impeller according to Claim 1, 2 
■or 3, wherein one or more slots are pro- 
vided in the part of each impeller blade 
adjoining the conjunction of the blade and 

the outwardly flared surface of the impeller 1 15 
shroud. 

5. An impeller according to any preced- 
ing Claim, wherein the inlet side of the 
impeller shroud extends beyond the im- 
peller blades in an axial direction and is 120 
also flared radially outwards. 

6. An impeller according to any pre- 
ceding Claim, which is formed of moulded 
plastics material, some components of 
which may be suitably reinforced. 125 

7. An impeller according to Claim 6, 
wherein the maximum diameter of the back- 
plate is less than the minimum internal 
diameter of the shroud. 

8. Apparatus for producing movement 130 
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of a gaseous fluid incorporting at least one 
impeller according to any preceding Claim. 

9. A ventilator designed to be mounted 
in an opening in a roof or wall of a build- 
ing for expelling air or fumes from the 
building incorporating an impeller accord- 
ing to any one of Claims 1 to 7 and one or 
more electric motors for driving the 
impeller. 

10. A ventilator according to Claim 9 
incorporating a protective cowl or skirt 
which is coaxially supported over the open- 
ing on the exit side for deflecting the dis- 
charged -air or fumes backward s^towards^the_, 
•roof or wall. 

11. A ventilator according to Claim 9 
including a shroud coaxially surrounding 
the exit side of said opening for deflecting 
the discharged air of fumes back into the 

20 original direction of entry into the impeller. 

12. A ventilator according to Claim 9, 
10 or 11 incorporating shutters for prevent- 
ing a backflow of air through the impeller 
when the ventilator is not operating, or is 

25 working against high external pressures. 

13. A ventilator according to Claim 12, 
wherein the shutter vanes are smoothly 
curved to ensure a gradual deflection of 
th e air flow in the required direction 

14. A ventilator according to Claim 12 
or 13 provided externally with a protective 
cowl or skirt wherein the shutter vanes are 
so shaped and positioned as to assist in 
providing an efficient deflection of the air 
stream .beneath the edge of the skirt or 
cowl with the minimum of eddying. 

15. A ventilator according to Claim 14, 
wherein the shutter system comprises a 
plurality of single-vane shutters disposed 
around the ventilator outlet in the Jorm of 
a regular polygon. 

16. A ventilator according to Claim 15 
having four single-vane shutters disposed 
around the sides of a square. 
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17. A ventilator according to any one of 45 
Claims 12 to 16, wherein the shutter vanes 
are so disposed that when the ventilator is 
operating air passes over both sides of the 
vanes, the vanes then acting as mid- vane 
shutters and their surfaces being held out of 50 
contact with any part of the surrounding 
structure. 

18. A ventilator according to Claim 10, 
wherein the skirt or cowl and also backflow- 
preventing shutters where provided are 55 
formed of a moulded synthetic plastics 
material, possibly with fibrous or meial 
reinforcements. ____ _ _ , 

19. An impeller for producing move- 
ment of a gaseous fluid substantially as 60 
shown in and hereinbefore described with 
reference to Figures 2 to 5 or to Figures 

2 to 5 as modified by Figure 8 of the accom- 
panying drawings. 

20. A ventilator substantially as shown 65 
in and as hereinbefore described with 
reference to Figure 1 or Figures 9 to 11 of 
the accompanying drawings or any of the 
modifications therof as shown in Figures 

12 to 15 of the accompanying drawings. 70 
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